###### Learning Points for this Article:

How to manage large traumatic bone loss in the femur.

Introduction {#sec1-1}
============

Open femoral fractures are relatively uncommon occurrences, with few reports addressing their management \[[@ref1], [@ref2], [@ref3], [@ref4], [@ref5], [@ref6], [@ref7], [@ref8]\]. They are caused by high-energy mechanismsand bone loss is a possible, but infrequent occurrence \[[@ref4]\]. The bone loss may occur at the time of injury or as a part of surgicaldebridement. We present a case in which two friends, 20 and 21-year-old males, were involved in a motorcycle collision. A large piece of bone was ejected from one patient's femur as a bony projectile and impaled the other patient's tibia, resulting in an open tibial plateau fracture.

Case Report {#sec1-2}
===========

Two patients, aged 21, (Patient A) and 20, (Patient B), were involved in a head-on motorcycle collision. They were transported through helicopter to the trauma department at our level-1 trauma center. On initial evaluation, patient A was awake, alert, and oriented with an obvious deformity to his left lower extremity with a large wound, measuring 10cm, over the anterior aspect of the knee with exposed bone ([Fig. 1](#F1){ref-type="fig"}). He was neurovascularly intact with an ankle-brachial index of 1.0. On radiographic examination, the patient was found to have a transverse distal-third femoral-shaft fracture and an open Type IIIA Schatzker VI tibial plateau fracture \[[@ref9], [@ref10], [@ref11]\]. Due to the increased risk of vascular injury in patients sustaining ipsilateral femur and tibia fractures, the patient underwent a computed tomography (CT) angiogram, which revealed no abnormalities ([Fig. 2](#F2){ref-type="fig"}). On closer investigation of the radiographs, theproximal tibia was found to be impaled by a large piece of cortical bone.

![Multiple pictures demonstrating a piece of cortical bone protruding from patient A's knee.](JOCR-7-50-g001){#F1}

![Patient A's lateral knee X-ray and three- dimensionalcomputed tomographyreconstrcutions, demonstrating the impaled cortical fragment in the proximal tibia. A distal-third femur fracture and tibial plateau fracture are also visualized on imaging.](JOCR-7-50-g002){#F2}

The origin of this bone was initially unknown. The patient was given the appropriate intravenous antibiotics and a tetanus vaccine. His open wound was irrigated and placed in a long leg posterior splint.

Attention was then turned to patient B. He was also awake and neurovascularlyintact. He was found to have a 6 cm wound to his left thigh. Radiographs and CT angiogram were performed, and the patient was found to have an open, comminuted, mid- shaft femur fracture with a missing piece of cortical bone and no vascular injury ([Fig. 3](#F3){ref-type="fig"}). He was also found to have a fracture of thelateral pole of the patella as well as a coronal split of the lateral femoral condyleon the ipsilateral extremity. His wound was irrigated in the trauma bay, and he was placedin 20 pounds of proximal tibial skeletal traction. Post-traction radiographs further revealed cortical bone loss of the femoral shaft([Fig. 4](#F4){ref-type="fig"}). On further evaluation of both patients' imaging studies, the missing cortical fragment from patient B's femur was ejected and impaled patient A's proximal tibia.

![Multiple three-dimensionalcomputed tomography reconstruction images of patient B's left femur demonstrating a comminuted mid-shaft femur fracture with a missing piece of cortical bone.](JOCR-7-50-g003){#F3}

![X-rays of patient B's femur in 15 pounds of skeletal traction.](JOCR-7-50-g004){#F4}

The decision was made to treat both patients operatively. First, patient A was taken to the operating room foran exploration and debridement of the left knee with there moval of the cortical piece of bone, followed by a retrograde intramedullary femoral nail. A spanning knee external fixator was placed to stabilize his tibial plateau fracture. The removed cortical fragment was identified as the missing piece of bone from the other patient's femur ([Fig. 5](#F5){ref-type="fig"} and [6](#F6){ref-type="fig"}).

![Intraoperative images of the piece of bone removed from patient A's tibia.](JOCR-7-50-g005){#F5}

![Multiple images of patient A demonstrating the defect left in the proximal tibia from the piece of bone.](JOCR-7-50-g006){#F6}

Patient B was then taken to the operating room for an irrigation and debridement of his left thigh and retrograde intramedullay nailing of his femur. The patella and femoral condyle fractures did not meet operative criteria. A long discussion was had with the patient and his family about how to best treat the bone loss from the femur. Due to the possibility of disease transmission, infection, and the fact that it was not involving the articular surface, the free piece of cortical bone was discarded. Since the patient was a young, healthy male with 50% apposition of intact femur, we decided to proceed with operative fixation of the femur without graft augmentation. A locked, retrograde femoral nail was used to stabilize the fracture ([Fig. 7](#F7){ref-type="fig"}). [Fig. 8](#F8){ref-type="fig"} shows a side by side comparison of the extruded bone. He was made weight bearing as tolerated and was discharged home on post-operative day number 3.

![X-rays of patient B after undergoing formal debridement of his thigh and retrograde intramedullary femoral nailing. Notice the missing cortical fragment.](JOCR-7-50-g007){#F7}

![Multiple images demonstrating that the origin of the cortical piece was indeed from the femur of patient B.](JOCR-7-50-g008){#F8}

Patient A required an additional 8days of soft tissue rest before definitive tibial fixation of his tibia. He was made non-weight bearing on his left lower extremity and was immediately started on a continuous passive motion machine for knee range of motion. He remained hospitalized for an additional week, pain control, and mobilization, before being discharged home.

At over 2-year follow-up, patient B had union of his fracture with no negative sequelae ([Fig. 9](#F9){ref-type="fig"}). He was able to return to his profession full-time, as an electrician.

![At over 2-year follow-up, X-rays of patient B's femur demonstrates union of the fracture.](JOCR-7-50-g009){#F9}

Discussion {#sec1-3}
==========

Through an extensive search of the literature, this is the first case, to the best of our knowledge, in the English literature, in which apiece of bone was ejected from one patient, causing a fracture in another.

Treatment of bone loss following an open fracture can be a daunting task. Options include amputation, free fibula grafts, or bone transport \[[@ref12]\]. Multiple authors have described successful reimplantation of extruded bone fragments that were found in the field \[[@ref13], [@ref14]\]. This is not commonly performed, due to the high risk of infection, nonunion, and the need for subsequent procedures. Multiple methods of sterilization have been described \[[@ref14],[@ref15], [@ref16], [@ref17]\]. Rouvillain et al. used an autoclave to sterilize an extruded 11 cm meta-diaphyseal femur fragment before reimplantation. They autoclaved the bone segment at 1218°C under 1.3 bars for 20 min \[[@ref16]\]. Mazurek et al.successfully reimplanted an extruded 13 cm meta-diaphyseal femoral fragment in a 15-year-old boy after chemical sterilization with a solution made of 4% chlorhexidine for a total of 270 min \[[@ref18]\]. Moosazadeh reimplanted an extruded 13.5 cm fragment of distal femur that was prepared by debridement, jet lavage irrigation with heated saline, and immersed in a solution of diluted gentamicin for 20 min \[[@ref17]\]. Finally, Aizah et al. used gamma sterilizationbefore reimplanting an extruded 8 cm metaphyseal fragment of femur in a 14-year-old boy \[[@ref15]\]. Mitchell et al. found that femoral shaft defects of \<6 cm had a relatively a good prognosis with shorter mean times to union and no requirements for further procedures after primary intramedullary nailing. Fractures with diaphyseal defects of \<6 cm were found to have a higher time to union and greater requirement for further procedures such as exchange nailing and bone grafting \[[@ref4]\].

Along with contamination from the environment, a concern specific to this case was the potential for disease transmission between patients. Due to the rarity of this injury, the rate of disease transmission cannot be determined. The estimated risks of hepatitis C and HIV transmission from blood transfusions are 1 in 1.6 million and 1 in 1 . 8 million , respectively \[[@ref16]\]. The risk of disease transmission from bone allograft for hepatitis C and HIV is0.012% and 0.03%, respectively \[[@ref19]\].

Conclusion {#sec1-4}
==========

To the best of our knowledge, this is the first case documented in the English literature in which an ejected piece of bone from one person caused a fracture in another fracture. Management of extruded bone segments should be considered on a case-by-case basis. Bone loss \< 6cm of the femoral diaphysis can likely be reated successfully without any further bone graft or procedures. It is unknown what the risk of disease transmission would be in reimplanted bone. At current follow-up of over 2 years, both patients have fully recovered without any complications.

###### Clinical Message

We present a rare case where an ejected piece of bone from one patient caused a fracture in another. Specific concerns to this situation include the risk of disease transmission and management of bone loss in fracture care. Management of extruded bone segments should be considered on a case-by- case basis, and there is currently no consensus on how to manage these cases.
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